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A ]Mt~iiCt
lkxauseo fits locatioII  iII the Virt;o cluster our IccxIIt II IezIsIIIcIIIclltc)f tlIc distal)c.c  of

‘ Ml 00 lIas alI iIIl]mct olI tlIc calil~ratlicm  of all of tlIc cxtrar;alac.tic sccoltdary  disk]icc  iiidicators
wllic.1)  read]  ljcyolId  Virgo aTId ddiIIc  tlIc cw])a]lsioll  ratx. WC exalnillc t,l Ie c.oIIscY]llc]Iccs of

a 17 M]x h4 100 distance, qucstiollill~;  its coIlsisku  Icy with su]wrl Iova alId Otl)cr distallcxx.
‘J’ltc dista~]c.c  of h4100 l)rovidcs  two sclmatc  cx)llstra.il)ts  011 tlIc IIul)l)]c (;o)]stallt,. 1{’irs(,  it

verifies tlIc clnissivity  c,alc.ula.tio]]s  for t,y})c 11 sul)crIIovac. ‘J’IICSC Inodcls, fittd to SN 19S’(’A,
lIavc rcxcIIt,ly  lxxII uscx] to IIICmUrC l]ost ~;alaxy  distances  Iwyond  104 kin/s rcc.cssiol]  velocity.
Scc.cmd, it c.onstrai])s tl]c dista]cc  of tJJc Virgo c.luster, wllic,]l  ill s])itc of its a])]~aIclIt c.ol II-
])Icx structure, ljmvidcs  aII cfl’cctivc calil)ratio]l for a set of rclial.)lc aIId well-usd secondary
dista.l]c.c indicators.

l{cvicwil]~ tllc ty])c 11 su]JcIIIova  distances for tlIIw galaxies wit]] (kl)l)cid  distjal]ccs,
wc fiIId cm~lsistcllq,  Wl]ic]l su])ports  tlIc Iw.cIIt SIN rcsu]t 11~ : ‘[3 :1 1 1  kIn/scc/h4pc.  ‘J’llis
su])]mrt is illclcq)clldcl]t  of WIICIC h41 00 lies in tlIc Virt;o c . lus ter . l{cvicwi]]g  tlIc IIu1)I)lc
rcc.cssioll  vcloc.ity (c.cmlnolo~ica]  rcdsllift)  of t,l Ic \~i Ig,o c . lus ter  tlIc, IVC fiIId 11 [) : S1 :1 1 1
kli]/scc/h4]~c,  ])Ius an addit,iollal  ul~ccrtaillty  arisill~,  flol)) tl]c cxkIIdcd  IIatIIrC of  tl)c Vir~;{)
C.lllstcr.

ltm])]oying;  t,l)c Virco  cluster as cdil)ratmr, wc ol~t,ai]) IIICaSIIICII-  ICIIt S of tlIc llul~blc  Ck)II-
stal)~  frolk] Cxtal]t surface brigl]tncss  flllc,t,  uatjiol] IncasuwIIIcl Ik, Clli])tical ~;alaxy  vc]ocit,y
dispcrsio)]  mcasurcmIcnk,  tllc ‘J’IIlly l“isllcr relation, aIId tlIc ty])c la su])crIIova  stal](lard  c.al I-
dlc. ‘J’IICSC y i e l d  11~ : 84 :1 16 ,  76 :1 10 ,  82:1 11,  aIId ‘(l :1 10 kln/scc/h41~c.  rcs]xxtivcl-y.  A l l
o f  L]ICSC arc coljsjsk!nt,  ])ut l,]IcjI NC all SUIJ;CC.L  to t]Ic addil,io]lal  u]lc.erlai]]t~~  fI’OI II \/ Irf;o’s
lil)c-of-si~;lltl  dcptll.

\IVc CX])IOIC a IIUIIIIXI of siln]jlc  ll-IOdClS  of tlIc strut.turc of t,lIc \Tirgo cllIstcI; tlIcs(: sII])]~oIt
t])c rcc.mt c.oncl~lsioll  of l“IW:dIIIaII  aIId coworkers tlI.atf tlIc al)])ro])riatc ul]ccrt)aillty  to attac. ] I
to tlIe llul~b]c (;o~)stal]t,  from tl]c Cc])ltcid  distance to Vir~,o is 20%. A ~~iill](:  of 11[, : SO :1
1‘[  kIII/scc./M])c  is collsistcllt  wit]] all llIC data  disc.usd  IIcrcill.  (k)lIficlclIc(!  Iill]its wit]} 9.!)(%
sigllifjc.allcc MI) ljc assir;l]cd to t,l Ic inkrval  50 < 110 < 1 ()() kill /scc./h4]~c..

l“urtlIcr  work ill t h i s  j)roF;raIIl slIould l)c cx])cctcd  to idmltify LIIc systclllatic  (lifl’crcl)ccs
iwtwcm] t])c distallcc  il)dic.ators  irlvcstir;atlcd  IIcrc alId colistraill tltc 11111)1.~lc  (k)listal~~  to 10%
accuracy.

I(CY words: ~OSlllO]OF, ~: distal]c.c Sc?llc
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1. IIlijl’o(luct!ioll

N4Cast11’cIIl(mtl of tllc distallcc  of N4100 fro]]] Cc]”)hcid  Valial.)lcs  (1’’1’CCCII1NII1  Ct al 1 994) is

a lnajor  lJli]CStOJJC  ill l,llc []ll(!sll  fol’ aJl acctlrat!c Value of 110 . ‘J’llc IIul)l)]c S]mc.c  ‘J’ck.scx)pc

kcy pmjcc.t to clctcll~lillct  llccxtla~,alacti(:  distallccscalc  aillls  Lo lncasllrc  Ilo to 10%. ‘ JI
O

acllicvc  Lllis goal will require Ck])lloid distal]cc IIlcaslllcll-]cllts  for so]nc Xl p;alaxics Witl]ill

a rcdsl]ift of a])])]c)xil]]at(:ly 10~{ l(]n/s. ‘J’licxc  galaxies ill tur]i will calil~rak  five scc.o]]dary

distance indicators wliicll will cxtmld Lllc volull]c  over wl]icll  tllc cxpallsioll  rate has lxx!])

IIlcasurcd to SO]]]C JOG M1)c3.

‘J’l]c  ]~ur])mcof  Lllis  ])a])cr is to assess tl)c iln])ac.t,  of tllc distal  lccof N410(I  01] tllccst  Ja-

p;alactict  list,alicc  scale. l]litjs ]t~aJ'tllI:  \/i]~;()c lllstcIisa  ssiF;]lificallta  j[]l]ctic)Il  i]ltllc:{listal]{:c

sc.alc as tlIc A4af;dla.]]ic.  Clouds, J)cr]l)it,tlinf;  a. collsiskutcy  cl]cck 0]] ]]la]Ij’  sccx)II{laJ]’ dista]]cc

i]]dicatlc~rs.  \l~ca]c]Ja]’t,i(:lllallJ’  in(fcrcstcd  i]] l!’lictl]cJs[l])cl]]OI’a  dista]]cm  arc collsistm]t  lvitll

p,loljal  ill[licatjc)lsc)fp;alax~’  (Iistallccsl)tis(:(l{)ll  ill<:i]st )(:llal])o ])lilatiol]s. \Vc cxalllillc wlIclllcr

11 S’1’ Cq)lleid  distla]lccs  arc tc]ldi]lp;  Lo c.oIIvcrp;c 0]’ IIiai]]tai]l  a I)i]l}odal  Cxt]ap;alact,ic  dista]]cc

sc,alc. \A~c ljcgil) tllc ])mccss of scckin:  out systmnatic. difl’crcnccs  bctwcm] scc.o]]dary  distallcc

ijldic.at,ors. olllc)l)j[!ct,il~cis  ]Iot,  t,o ])rcscnt  an ab i71itio rcxalil)ratiol) of tllcclisttil  lc(:sc.alc  I)ut,

ratll)cr to Ilsc tlllc  N41OO distallcc  to constrain  tfllc F,lol)al val[lc of 11[), al)d assess tllc lclllai]lg

dq;rcc of unccrtail~ty ill its va]uc.

\l~cfi]ld tl]at, tlllI:l)lc:\sll] cll-lclltc) fh41(l(l'scl istallct:]Jlc  )p,lcss(:s  tl]ccalil~latic)  ]lc)f:[ ]l[lltll~c:l

o f  tllcsc scc.ol)dary  dist$allcc  illdicatjors. l“rccdlllall  ct al (1994) collsidcrcd tl]c rcdsllift  of

\rir~;oa]ld (llc[listjal]c.cc  )f(;c)lllail  lc)lflclt{)c  stjilllatcll(). ‘1’l)c additional scco]l(lal~’  CIistal]cc

il)dicatom col)sidcrd  l)crc Sll])])ortj tjllc  col)clusio]ls  o f  t)llat  lVO1’li. ‘J’llc net rcsul( is a very

sif;j]ific.ant,  c.o]lstrai]li, OII t,l Ic llul.)blc COIIstaIIt.

2. ‘1’hc! R4mn I listance  of tlIc Virgo  ~;lusi,cr

N41 00 is a l)ona Jidc  II ICIIIlm  of tlIc Virp)o c.luskr, wcl] wit]lil)  tl]c clustrcr col)fil)cs ill

vclocitly s])acc, as sl)ow Ii in l“if;urc 1. ‘J’l]c  c.c)l]c.c)ltlatioll  01] t,llc s k y  of p;alaxics ill t,llis



c%uskr is clcar]y clc]i]lcxdcd  ill l“ir;urcs 1 and 2. h4 100 lies witl]ill t]lc classical 6° cirdc of ~1{:

Vauc.oulcum  (1 961), and just outside tllc last x-ray co))tour  in tllc IWSA’J’ ]]]a]) c)f lkjl]rinp;cr

(1 994).

h4arkcxl  suhstructurc  exists in tllc \~irgo dusk] (Ilucllra  1985, l~illgclli,  SaIldaF;c & ‘J’a])J-

ll-IaIJII  1 985) wit]] mcml)cr  galaxies cxhilji~ing a. s])rcad i]] surface l.)ri~;l)tllcss {Iuctuatiol]  dis-

tallc.cs fm]n 11 to 19 h4]x (rJ’OIIry ct al 1990). WC IIIUSt tllcrcforc  Cm]]sidcr  wl]ctllcr h4 100 is

a.ssociatcd  wit]) the ccntra]  co]]ccntration  or tllc fri]lp;cs  of tllc c.luster. Our  F;oal  is {0 ])lacc

coIIfidcJlcc  ]i]nits on tl)c dista]lcc  of lJIc Virgo dusk].

‘J’ltcrc arc four rclcwant  a]]d qua]] iitativc co]]stra.i]lts.

1. WC IIavc tl]c rcsuli  of l“rccdma.n C( al (1994) tl]at  tl)c distallcc  of h4100 is 1 ‘(.1 :{ 1,S

h4])c.

2. ‘J1lic ‘J’1111-y l“isl)cr (rl’l~)  rc]atioll  f o r  tllc Virp,o c.l~lstcr  is a scco]ld c.ollstrail]t,, l]icrcc

al]d ‘J’ully ( 1 9 S 8 )  f i n d  tl~a.t  h4100 is 2.S :1 2?.3 h!])c. I) IOIC dista]]t  tlla]] tl]c II IGAII  ill Lllcir

o])ticd  a])d ill frarcd  pl]oton]ctric  study  of tllc Virgo ‘1’1” rclatiol]. IIowcvcr,  tllc i]lclination

of t]lc ciisk  of h4100 to tl)c ]i]]c of sig; ]lt is o]]ly Zi’ :1 3 dcg;rccs, as cstilnatcd  killmlaticall~~

(\Varn,ds 19SS), and t,l]is low value dctrac.ts  fro,,, tl,c si~,,]ific.a,,cc  of h4 100’s rcsid,~al i], tl,c

‘J’l{’ rclatioli.

3. l{’ouquc d al (1 99?) ])rovidc  tl]c ])]ost c.c)ll]])lcllcllsi~’c:  study  of tlic ‘J’]” rclatioll ill l~ir~,o.

‘J’llc r;a]axics witl)il] 2 dcgrccs of h4100 ]Iavc a IJICaII rcsidua] 0.13 :1 0.?4 IIIa~; l)ri~,l](cr  t]IaII

tlIc ‘J’]” relation for F;alaxics within 2 dcr;rccs  of h4S’/.

4. WC llotc tl]at  l’icrcc  et al (1 994) IIavc rCCCIItlly  Incasurd tllc distallcc  of tlIc F;alaxy

NGC 45’71 froln tl]rcc Ccphcid  varial~lcs idclltificd  wit]] Cl~ll’J’. ‘J’l)cy  fil)d 14.() :1 1.’2 hlpc.

h40rc sul.)jcctivc  criteria oflcr little i]lsip;llt  i]lto tlIc locatio]]  of tl]csc F,alaxics relative

k LIIC cluster ]ncan. Sa]ldaf;c a.]]d lkdkc  (1 985) classify tllc.  rcsolval)ilit.y  of k’(~(.; 4571 as

“cxccllcIIt”, but h4 100 as ‘[fair’). ‘J’llcsc arc tl]c two cxtrcllla  of tllcir  sdc.

—



‘JYICSC constraillk  aIw coIIsistcIIt witlI  tlIC IIOtiOII tlIat M  1 0 0  iS a II ICII~kI  of LIJC Viqy)

cluskr,  WI IOSC ccntroid  is at 1 I hflpc.  WC cxamillc tllc uncertainty  in that diskllc.c  with  so]nc

l)dralnckrizcd  ]nodc]s  d the cluskr ill ~(1.

3, ‘J’lIc ~osmolop;ical  l{cdshift  of tllc Virgo ~luster

‘J’IIc IIICaII rcdshift  of tJIc cluster corrcc.tcd to tllc ccl]troid  of tlIc 1 meal (Jroup  is 10’(3

:1 50 kill/s (llucl  Ira 198 S). IIi]]gclli, SaIIda~c & ‘l)al II II Ian] I (1%S7) have argued for a ]]]ea]l

IIcliocc]ltric  vdocity some 57 kin/s 10WCI  tl]an lluc.lIra’s  1151 :1 3S kin/s. ‘J’l]cy  col]sidcr a

])uml.m of IIucl]ra’s ~;alaxics  to bc l~ac.kgmul]d, I)ut tllc diffcmlcc  is hardly si~;llificant.  0])

tl)c otl]cr band,  tl}c  velocity of hJ8Y is 140 kin/s IIif;llcr  at 1292 kIil/s.  Another poil]t  of

contcmtio]]  is tllc vc]ocity of tl]c ccntlroid  of tllc ]Jocal  (;rOHIJ) a furtllcr  40 km/s d iflcrcl)cc

l) CtWCC!Il thC tWO  ?;1”011])S  and i l l  t]lC Sdl”JIC! SC!IISC. W C consjdcr 11 uclIra’s va] uc of LIIc mea]]

rcxlsliift to k tlJc l~cst  cstilna.trc,  ])ut ado])t a ‘i’% uncertainty  as a standard  crmr.

A  II Iodcl fit to tl]c ‘1’1{’ rclatiol] for 3 0 S  sl)ira] ~,alaxics ill tllc ]Jocal S\l])crc.lllstcr  by

Aaro]lso]i d al (1982) y i e l d e d  3 3 1  :1 41 l; IJ]/s fo] tl]c illfall of tl]c ],ocal Grou]) iIIk) t,llc

lnass collc.clitratioll  c.cntcmd  on \/ir~;o. ‘J’llc Inodd  is allalo?)ous to tliat  for Galactic rotation

ill t,]lat  ~]IcIc is a ]oc.a]  s!a Ildd of I’CS(, w]lidl is a l~aL(crII  vc]oci!jl  coIIstaI~!  {JJI S] IC]]S of

collstal]tf radius from tlIc Virgo cluster (250 liJ1l/S  locally), and a local ralldol]] velocity (S0

kn)/s in tllc Virgo direction). Sllljscq(]cllt  lvork l)y ‘J’olIrj~ ct a] (1  992) ivitl] lnorc ac,cllratlc

distancm  fronl s{lrfacc  hrigllt,ncss  flue.t,udtiolis coIIfirl  II t,llal, rcsu]t,  yicldil)t;  340 :1 80 knl/s

(90~ cm,, fidcnc.c  limits). ,lcnjcn  S7, ‘J’aImnaIIII (1993) ol,tail]cd ?40 :1 40 k] I)/scc for tl)c infa]]

vcloc.ity from an analysis of mom distant Clusters (see also Salldagc &, ‘J’alnlllallll  1 990).  I Ian

aI]d h40uld (1990) argue t]]at  a still lower cstilnat,c by l<’al)cr  and ]Iurstcil] (19SS) (85 133

l<]n/s) is an artifact of tllcir  analysis. AvcraF,illF t]]c first t])rcc estimates and colr)bi]ling  tl)is

witl~  tllc recall ol)smvcd  vdocity  of 1 Oi’3 :1 ?0 kln/see, wc find t,llat at the distanm  of VirF;o,

tl)c cxpallsion  rate is 1380 :{ 90 kin/s. ‘1’his  is consistm]t wit]] llaT) &. h40uld’s  ]norc detailed

]Ilodcl for tllc ‘J’]” data;  tl)cy obtained 14?2?  :{ 43 1{]]] /s. ‘J’l)c IIul)l.)lc  Cnllstal]t  wc derive frol]l



tllc c.oslnolof;ical rcdshift  of Virg;o is 110 = 81 :1 11 l{m/s/M]JC. ‘J’IIc ul]ccrtainty  is dcrivcxl

froln tllc distance aud velocity unccrtaiutics  t~liCIl  iu quaclraturc. ‘J’here is an additio]lal

ullc.crtainty  arisill~t from the cxtcndcd nature of Lhc Virgo cluster.

4 .  Supc!rnova  19i’9c

‘J’llcdistallccof  h4100 has lJCCII  iufcmdfrom  tllc])llotos]~llcliccx  j~al]siol]  of SN1979C

Incasurcd  ]jllotolllctricall~”  and kincnna.tically  Ly Scl]lllidt  ct al (1 994). ‘J’l]cir result, 15 :1 4

h4])c., is fully  consistcntj  wit]] the ~cpl)cid  dist,al]cc for h41 00, but is limited mainly by tl)c

larp;c and unccrtaili  apparmlt  cxtinct,ion of tl)c supcrlIova.

‘J’l]crcarc  now four galaxies wit]} ~cpllcic]  dista]]c.cs WIIOSC type 11 SNcyicld l+;l’h4 dis-

tal)ccs. ‘J’lIcy arc tllc 1,h4C (49 :! 3 kpc froln SN19S7A),  h481 (IIO fil]al  result  bccausc of t,l Ic

peculiarity of SN1993J] ), MIO1 (7.4 ? j,5 A4]K fl”olll  SNIW’OG),  and h4100 (15 :! 4  N4pc).

\~l]ic~:]c~.  c{, a]. (]993) fi,~{]  a dista~)C,c  of 4.2 :] ().6 h4pC fol ~4S] , I!,])ic,]] is col-]sistcllt ~i~it]l  t,l]C

(jcpl]cid distjal]cc (Frccdnlall  ct al 1 9941)). otl]cr prill]ar.y  distal]ccs  arc 51 4 3 kpc for tl]c

ljh4~ (1’’cast  1991, 1994),  al}d i’.5 h4pc for MIOI (Kclson  ct al 1995).

‘See Sc]llnidt C( al (1993).

‘J’]Ic distallcc ratio ]’],/] {;l’h4  is 1.02:1 ().0S for tl)c l,h4(;, 0.9”~ ~ ~j~~  for N4101 iiIId 1.13

:1 0.28 for k! 100. ‘] ’]ICSC c.cmstraink,  ta]iCIl  tc)p;ct ]Icr wit]lc)ut, aIJy wci?;]ltil)p;,  amoull~  to 90%

Cc)llficlcllcc  that clnpirica]  recalibration c)f l’; l’h4 dist, allccs will  bc lilnitcd  tc) lnlllti])lic.ativc

factors ill the: intcrva] (0.S6, 1.24). ‘J’IIc relation of tl]c data tc) this il]tcrval  is SI1OWII ill

Figure 4. ‘1’wo Inorc poil]ts can bc anticipated ill l“if;urc 4 fro]n discovery of ccpllcids in

p;alaxics unclcr stuc]y wit]} llSrJ’ in Cycle 4.

‘J’lllls  t,hcrc is no cviclcncc  that, any cln])irical  rcca]ihratioll  of l’;l’h4  is required at l~rcscllt

I)y tllc (;cl~llcid data. l’}1’h4  prc)viclcs  indc])cndcllt al)c] collsistcllt,  constraints OI-I tlIc IIubblc



COIRtallt,  currcnt]y  y i e l d i n g  110: 734 11 l{m/s/h4pc  (Sclm]idt ct al 1994).

5. s u p e r n o v a  la St!andal’d  Candlc!s

‘J’l~c  IIubblc  diap;raln for tylm la SNC at ]]iaxin]uln  li~lit is d i s c u s s e d  Ly SaIiclagc  and

‘J’alnnla]ln  (1 993). ‘J’l)c lncan vduc of V(Inax)  for 6 WCII okcrvcd  SNcla  in tllc \rirgo  cluster

is 12.13 :1 0.14 msg. Scaling tllc prototy]jic,a]  SNT193”i~  froln 4.8 :1 0.3 h4]}c in 1~ 4182 to

our \~irF;o  distal)cc  of 17 :1 2 h4])c., il)]])lics a v isua l  llla~,llitudc  of 12. OJ :1 0.~5 l~~ag (Ja~oh

alld l’icrcc 1994). ‘J’lic salnc C.alc.ulatio]l for SNI 9’/’21’;  i]) ?Y5253 (Sandagc  ct al 1994) yields

11 .(i9 :1 0.25 ma~;, w]lich would thcrcforc  a])]mar  to IIavc lxnJ all unusually lulnillous cvc]lt.

IIzunuy ct al (1995) assert tlIat  its lligl] luminosity is duc to its slow clcc]inc rate (1’l]illips

1993).

l,ikc tl]c type 11 SNC, tl~c tylw la SNC of~cr  a u’ay to cxtc])d our k]]owlcdgc  of tllc cx-

pal)sion rate fro]]) Lhc IJoca] Supcrclustcr, wlIcrc tl)c IIigll  dclisity dccclcratcs  lllc cxl)ansion,

to tl~c frc.dy cx])al]clil]g;  rc~ion outs ide  it. ‘J’IJc ]lc~! cstilnak  of ty])c la ahsoluk  IIlar;llitudcs

ljascd  on tlIc six Vir~o sllpcrnovac  p e r m i t s  a (Ict(:llllillatio)l  of 110 frolu tl)c ?1 ~alaxics2  al

rcdsl)ift cxcccdil]p; 3000 k]n/s c.ollakd l)y Sallda~;c  a]id ‘1’a]]l]nanli  (1993) and ‘J’a]]l]])al]n S’

Salldag;c (1994) . ‘J’his yields 110 = 71 + 7 k]l]/s/M])c  ]JILIS a]] extra uncertainty  arisil)r; flwlll

tlIc cxkndcd  nature of tl]c Virgo clllstcr. Addif io~l to tl]is \~ir~;o  suJKrnova  calil)ratio]] o f

SN1937~ a]ld SN197211,  would  yield 110 = 69. ‘JII]c h4aF,cllal)ic.  ty])c ~;alax-y  1(;41S2 and tllc

alnorpl)ous galaxy ING(; 5253 arc ]Iot l)cc.cssari]j. a])])rol~riatc  calil>ratjors,  llo~vcvcr.

2’J’I]c su])cr]]ovac sclcctcd  by this cut ill rcdsllift arc 1959~,  19(;1 1), 1962A, 19(i214;,  19661{,

19(W, 196 S1’:,  lYi’OJ, 19’/211, 1972J,  19’(3N, 1974.1, 19750, 1976J,  IXKJaf,  1991+1,,  IW21’,

IME2ac,  1992aq, 1 W2bc, 1 W2bo.

our results arc co]lsistcnl-  with l,l)c discussion of ty])c las I)y llciss,  ]’rcss & l{irsllncr



(1994 ), WI1O find 110 = 6’/ 4 7 km/s/h4pc,  but  il~consistcnt  with LIJC c o n c l u s i o n  of Sa]Idap;c

d al (]994) w h o  find 11o = 55 4 8 kIn/s/h4pc  by calibrating  V(max)  with Ccphcid di. stanc.cs

for 1(;41 S2 a])d N5’253. ‘J’llc gap could  bc Lriclgcd if LIIC mean VirF;o supernovae were 19

M])c distal]t  (wllicll is not ruled out by tl]c Virg;o ]noclcls considered ill tllc Ap]mlldix) and if

1 ] ?IIIIU y d al arc coJ’rcct  t]lat  t])c effect of ncF;]ccting  t]lc peak ]uminosity  dcc]inc ~a~C Ic]atioll

is to undcrcstilnat,  c II(I by 15%

l“urt])cr  work will sl)arpcn SNcla  as tools for distance ]]]casurcmc]lt,  including Inorc

attcl)tlion  to tl]c c.orrclation  of V(max)  wit]] dcclinc rate al]d dcpcl]dcncc  of V(max)  on galaxy

tyl)e (Vail dcl) ])c~lg])  ~11(1 ]’az(]cl ] ~~~).  A flltlllc  ca]il)latioll will benefit from additio])a]

C;cpl]cid  distallc.cx of botl~  field galaxies and clustcm suc]l  as tllc Forllax  cluster.

6. ‘J’hc !l’ul]y 11’ishcr r e l a t i o n  for c]ustcrs

Mould ct al (1991, 1993) ]Jrcscnt, l-band  ‘J’1~ rclatio])s ill all all-sky sam])lc of 22 cluskrs

of ~,alaxics  rcac.llil}g;  7500 kII-I/s, and Aarol}soj] C( al (19S5) provide a pionccril~:;  study of

10 Arcc.iljo  clusters in tl)c II-hand  witl]il]  tlic distwlc.c of tl)c IIcrc.u]cs  c.luster. ‘J’l]c  Vir:,o

c.luster lnatcrial]y  adds Lo tllc misting  field g;alaxy  caliljratiol) of tl]c ‘1’1” relation (1’’rccdnlal]

1990).Witl] tllc addition of tl)c M 101 grotlp g;alaxics (0 tl)c 1+’rccdlnal]  calibratc)rs, tl}c  tot al

]tll]l)bcr of F;alaxics  colltril)utjillg  to Ifl)c coml)incd  11- ba]ld calibration sulnlnarizcd  ill ‘J’ab]c 1

is 24. ‘J’]Ic cquatioll of t,llc  rcF;rcssion ]illc sl]own ill l“i~~lrc  5 is:

]]:~5 , - 21.32- 9.{)3(lqqAV(0)20  - 2.5)

UII)CIC AV(0)20 is LIIC 21 cm profi]c  width  and ll!~h is a. lncasurc  of the infrared  flux. ‘J’IIc

qllalltitics  arc dcfinccl  in the original rcfcrcnccs. ‘J’l)c illtcrccl)t  ill this rcF;rcssioll is 0.09 and

O.ZS :1 ()$] z ,llaF; ~)ligllt,cl  t]lall ~]}osc  oljtail~c{]  lcs]~cctivc]y by Aa,ronson  Ct a] (] 9S0) a n d

l“rccdlnan  (1990). ‘J’l)c  11 S’J’ Kcy l’rojcct will cflcxtivcly  double tl]c nulnl.)cr  of calibrators ill

l~igurc 5 lV1lCN colnplctd.  Wit]] tllc ]Icw \~irgo distance the calil)ratioll relation for l-band

‘J’ully-l’’isllcr bcco]l]cs:



labs , . 20.70- 9.77(  kgAV(0)Z0  - 2.5)

‘J’hc duc of the ]Iubblc  Constant  that follows fmn al)plyillg  tl)cse calil~ratiol]s  to clusters

beyond 4000 km/s, ncg;lcctillg  tl]c drcd of ]Jclt~lll.)atiolls  to tllc 11 u1.JI>Ic flow m)d tlic Virp;o

dcpt]] uncertainty, is 11 0 = 86 4 11 km/s. If wc cxcludc  clustcm  witllill  45° of tl~c (;rcxit

Attractor (l,yndcu-l~cl]  ct d. 1988) (and its m]tipodc),  IIoting  tl)c cvidcllcc for large scale

flows (Matllcxvson  d al 1993, 1994), wc obtail] 110 = 82:1 11 k113/s/h41Jc.  A~;aill, tllcrc is an

additional uncertainty arisin~ from tllc cxtcndcd  IIaturc  of tllc \~irgo cluster.

Ot]lcr  factors which lilnitl  tl)c accuracy of this c.alil~ration arc the dc])tl) of t,l]c \~ir~,o

duster, wl]ich illtfroduccx au artificial scattm into the rclatiol) ill l“igurc 5, and tllc ]mssil)ilify

that  i,hc ‘I’ully - l“isller rcla.tion is dif[crcnt in duskrs and tl)c field (Ilcr)lslcil) 1994, c:.f. IIall,

Mou]d S~ IIothun 19S9). l“urtllcr oljscrval,ions  of field ‘1’ullyl’’isllcr C.alil)rators li’illl  1 lSrJ’ ivill

address tl]csc issues.

7. Otllcr Secondary l)istance ]ndicators

Surface IIrightncss 11’luctuations

‘J’oIIIy CL al (1 990) and ~iardul]o,  Jacoljy & ‘1’o]l]y (1 993) llavc IJ)casurc{l  Sllrfacc l)ri~lltr-

IIcss fluctluai,  io]ls (S111”) ill 11 \~irg;o ~;alaxics. l’;lnl~]oyillp,  Lllcir c.urm]t  calil>ratio]l,  jvllosc

zcropoint  is basal on c.arly  ty]~c galaxies ill tl)c ]Jocal  ~;roul),

wllcrc M] is tllc absoluk  lnagnitudc  of a F;alaxy)s S111” ill tl]c 1 Land and V 1 is Lllc color of

tl~c ga]axy,  onc obtai]ls a dista.llcc  of 15.3 :1 1.1 h41)c.. A(ljustin?;  tl]c zcrojmi]lt  to tllc 11%

larger Virf;o disl,aucc  wc fiud from ~cpllcids,  onc call tl)cn cxa)nil]c Ll]c cx])allsioll  rate of tllc

lnost distant  F;alaxics  in tl]c available salnl)lc. ‘J’onry (1994, ]~riv. c.oll)ln.) l)as tl]rcc galaxies

Wit]l S]]]r ]llcaslll’Cl  llCllts  Wit]l v(’;A~];  >  4000” k i l l / S . ‘J IIICSC y i e l d  110 : S4 :1 1(; k]n/s.



IL is prclnat,urc  to modify tl)c currcni  caliljratioll m] tllc basis of a Viy;o distdl]cc wl]icl},

is lnorclluccrtain  than tllcdistallccs  of l,ocal Group g;alaxics now CHnploycd  by ‘J’onry. ]Iut

wc JIOk (i) tl)at  p;rou])s of c!arly type g;alaxics wit]] ~cpl]cid distauccs  will  provide sucl] a

calibration] aud (ii) IJ]at wlJcn wc rcacl] out to Iargc clistal)ccs  with S111”, WC ol)tain constraints

0]) 11~ consistent wit]) tl]osc  from otllcv sccmldary distallcc  indicators.

‘J’hc Globular  ~lustcr ant] l’lanctary N e b u l a  l u m i n o s i t y  l“unc.tions

‘J’.ammalln  (19s8) IIas Used lrlcasulx!mcllts  of tll(! F;lOtN1]dl’  Clustcl’ lulnil]osit~r  functioll

(G{;],]’) to derive a distance modulus of 31.7 mag for the Virg;o cluster. Scckcr a*,d lIa*ris

(1 993) argue that the data arc compatil~]c  with a modulus of 30.9 ]nag;.  ‘1’llc M100-bascxl

\~ilg;o  dista,lcc  ljl~dl,],]s ]jy ]~’lCc~]I~qaJ)  Ct a] of 3]. ] S :1 ().36 IJ”ld?;  ]iC!S  bCt\i)CCIl f,]lCSC CXtl’CIIICS.

Study  of a larg;cr and ]norc disk]t  salnp]c of galaxies to invcst,igatc the (; C;l Jl” lnorc fully

~JTi]l I)c])cfit,  frO1]] t]]c ]Iig]l lcso]llt,iol-l  of \~~]~’]’~?,.  Sil)cc t]lc mctllo(]  IIas not yet I)(XII applied

beyond t])c \~irgo cl[lstcr t,]lis Inct]lod  dots not offer us a siF;lJificallt  consLra.inL  01) t]lc g]o]~a]

Va]IIC Of ]]0 at, t,llis S~2ifI;C.

A distance of tl]c Virgo cluster of 17 :1 3 Ml)c is consistent wit]] that foul)d l)y Jacoby

d al (1992) fro)]) tl~c l)la.uc!tary Nebula l,umiliosity  Function  (I)ill,l”), 15.4 :1 1.1 Mpc. l,ikc

tllc (~(; l)l”, the l)Nljl~ is currcntl~r l imited ill ap]~lication  to tl]c ljocal Supcrclustlcr. Wil Ii

our current focus on applying scc.olldary  distal~cc  illdic.ators  at larg;cr rcdshift(s, Jvc do IIot

consider tfhc l) N1jl” furtllcr  at ])rcscnt,.

‘J’1~’ data ])lacc Co]na 3.69:1 0.16 lnat;  Idlil]d  \~irgo according h Aaronsol)  ct d (19S.5)

al]d (1]1,, 0) data yield 3.74 :1 0.12 II-lag  according to Faber ct al (19S5). ‘1’llcsc  clnpiric.al

ullccrtaintlics arc t)llc domil]ant  oIIcs in cxtcllding  VirF;o’s distallcc  i]) Mpc. to C o m a .  ‘1’llc

significantly larger rcdsbift  of t,llc  s])irals than tlIc clli])ticals ill (;olna is a 4% Cfrcct  and of

IcssCr ilnportallcc. ‘J’hc rcdsl)ift of Onlla  is VI,CI = (i942 :{ 73 km/see (Zal)ludofr Ct al 1 99:3).



lp tllc ]’c!fcl’cl)cc  fralnc! of tllc c o s m i c  micl’owavc  I)ackg;l’oull(l  V(;jf]j = “/1 97 :1 ‘/3 1<111/s(!(:.

llccd]nau  d al (1 994) cInploycd this ratio  to clcrivc t,hc llul~b]c  ~ollstant.

h40uld d al (1993) fit a nu]nbcr  of ]nodc]s  to t]lc velocity field witl]i]i 750(I l; II1/s aIId

c.oIIcludc Lllat  the expansion rate of tlic comovill~; fralnc  is 7170 :1 1 M kIII/S at, tl]c distallcx:

of Coma. Wit]) tllc ncw value of tl)c Virg;o dista]lcc  (I)ui wit]lout  at this stage factoril]g in

tl]c cxtcndcd  cluster ul]ccrtaillty)  this yields 110 = 76 :1 10 ii]])/s/h4])~. i]] iiF;l~~]]]c]]t  with

l“rccd]nau  CL al.

II) a provocative paper ‘J’urncr  ct al (1 992) l]avc qucstiollcd  w’l]ctllcr tllc classical a])])roacll

to tllc cxtragalactic  distance sc.alc is capal~]c of lncasurillg  a global  va]uc of 110 ill tl]c ])rcsc])cc

of a vc]ocity field w’hit]] cxllibik  large scale floivs. ‘1’llc rcsult,s  of tllcir  nlll)]crica] m])crilllcllts

mu l.~c summed up ill Ll)c fol]owillg;  alarlnint;  illustra[ioll: ‘(]tVCII  if t,]lc local  (x])al)sioll ral,(:

is li))ow]]  LO I)c 80  :1 8 k]])/ s/h4])C OUt  tO 30  11- ] IVl])c in tl]c N o r t h  (;alactic ~;a]), tllc 93%

collfidcl]cc  li]llits o]) tl)e true glolja] value of 110 is 50 12S lit)) /s(:~./h4])[  i]J a <;I)A4 ]IIOdCl .’>

\Vitl) W1’’I}C2 wc do not expect to l)c able to lncasurc  distances dircct]y  ~vit])  ~cpl)cids

very fidr hcyond the Virgo cluster, wllcrc tllc cxpcckxl  W2S diflcrcnc.c l)ctlvccn loud a]]d global

110 is 45% ill current ~l)h4.  ‘J’l]c  sul~jcd  of tllc l~rmcIlt ]~a]m, l)o]fcvcr,  is tl)e calil)ration  of

secondary  dist,allc,e  indicators ~v]]mc cf[cctivc ran!;c cxt,c]]ds l)cJTo]ld tl]c G]na c.luster. At

~olna  tl]c same Ivn.s  difl’crcncc  has fallcl) fro]]] 4 h% (o 3% i]] (;1 )h4 acmrdi  I IF;  to ‘1’UII)CI ct

a l .

l’}lllpiric.al  cvidci]cc  tl]at  I’m] vc]ocity  fields ]JrCSC]ItJ ])0 Iargcr ])rol)leI  II tl)a]l tlIcsc calcLl-

latic)ns sllggmt is ])rovidcx]  by:

(1) a], dl-SliJ  Sllrvcy of ‘1’ully-l’isl]m  distaliccs  Lo clusters of F;alaxics

(2) ?i]) all-Sli’j  SU]VCY  Of l,ri~;litcst  C.lusk!r  F,alaXiCS (ljallCr  & l’OSt$ll,all  1 994)

(3) tl]c l’;l’h4 data  set.



‘J’IICSC  data arc collcctcd in l“i{;lirc  6. SOt]rccs  of ‘[’1’ clllstcr data arc Aam)lson C( al (1986),

hlouldctal  (1991,  1993), and IIall & hlould (1992) .  ‘I’hc data  Ilavcllotbccm  norlnalizcx]to

ac{)l])llloll~  ~alllco  fllo, altlloll?;ll  l``ig~llc(  iisI~clJ'si  ll]ilar,J\'  llicllcvcl`C)fllO  ~ 8’2($6),73(s4),

or 80 km/scc/h4pc  (I,auer  & l’ost  II IaIl) OI]C ado])ts  as a coImno]) value.

WC Cm] hypot]lcsizc  a ‘l)ul>l~lc  modd’  ill wllicll &ll/110 ~0.5, that is, l10= 75km/s/h41}c

wit,llil) tl)c distant.c of tl)c G)l]]a cluster and 110 I 50 outside tl)at  radius. l“i~;urc (; shows

dearly that tli(!sc data rule out a n-i OdCl  lvitll  such a larg;c diflmmcc  I)ctwccn local and ?;lol.)al

110.  lII(l(d, l,aucr & l)ostmall  (1992) condudc  tl]at 611/110 <0.07 wii]lin  Lllc volu]l]c sl)mv]l

ill l“i~;urc (i.

. . .
Such a ln ode] is also hciIv I1.y cm])stra  IIIcd 1).y tlIc ilsotro]j.y  of tlIe, c.osln]c.  I n]crmvavc. l)acl{-

f;l’oulld 011 10 sc,alcs.  ()]}c IIul)(lrcd il!pct 1~’llic.1)  is a]~])l’c)xill-latcl}’  tllc radius  of  (l~c vollllllc

Cllclosillg Col)la, c.c)rrcsl NIIds to 10 (1 ?’) 0]) tllc surface of last scattcrillt;  for fl = 1 (0.2).

‘J’l)c rcquimncnt  Lllat  61]/110 w ().5 i]] a ‘l)IIl)l)lc lnodc]’ of this tlypc i]n])licx  a tlIrcc times

laqy:r dcmsity pcrturl>atio]] tlIaII  is rcprcscIItcd by tl)c (;rcat A t t r a c t o r  (I,yndc])-llcl]  d al

19SS). 1 ]crkhinp;  cr d al (1 990) SIIOW that a (;rcmt Attractor 11’0111 d C!vo] Vc fl’oll 1 A 7 ‘/:/  ‘ ~

1 . 7  x  1 0-5  in al] Q = 1 llllivcrse.  Sdlustcr  ct al (1993) l~avc ]tlcasurcd  A7’/Y  < 1 X  1 0- ‘)

on 1.5° scales. A low dcllsity llnivcrsc  lvould relax tllcsc col]straints  considcrahly  (l’’ulla  IIa

d al 1994).

9. l)isctlssiol)

‘J’llcrc arc o]]ly t,wo il]dcpclldcllt C,ol)slrai)lts  0]1 11~ in tl]c l)rcc.cdilig  scctioIls.  ‘1’l]c first is

contained  in ~4 (1’;] ’lvl) and tllc scc.ond ill ~~ 3,[), and 6, invo]vil]g  tfl]c additional assull]ptiol]

that wc l]ave succ.cssflllly  c.ollslrail]wl  tllc distallcc  o f  tllc \~ir~o clustfcr. ‘J’l Ic disc[lssion  of

l;l’h4 ill $4 appears  to  ru]c out 110 < ‘i3/l .24 : ~){) ]{11-1/scc/h41)C  a t  t]le 90(~0 C.O]IfldCIICC

ICVC1. l“JoJn a silnilar  U]JI)CI l.)ou])d our vcrific.atio]] of tllc l{;l’h4  calibration]  yields 59< ]10 <

89 kill/scc/h4]~c wit]l 90%0 cnlfidcncc.



‘J’lIc constraint which h~ 100 IJULS 011 tl~c distant.c of the Virgo cluster is a n)orc co]n])lm

issue,. Associatil]g  M 100 wit]] a c.]ustcr core of a ccrtai]l structure, 1~’rcccll])a]]  ct al (1 994)

ol.)tail] 110 =.- 80 II 17 ]i]~l/s/h4])c.  h40dds of tllc cluster discussed ill tl)c AI)I)cIIdix  col)sidcr

tlic distmlccs  of MIOO and NGC 4571 as a co]lstrail]t o]]

assert that tl]c cluster distal]cc  is probably less Lllal} 19

wllicll is ]]0 stronger than Ll)at acloptcd  by Frcdmal] ct

distal]cc  cxcccding  22 h4]Jc al- tllc 950/o coI)fidcIicc lCVCI.

tl)c cluster distant.c. ‘J IIIC II Iodcls

hl]~c; i.e. tllcy yield a constraint

al. ‘J’hcy rule out a lncall c]ustcr

‘J’lic otllcr tail of tl)c <listlil)l]ti(~l~

(d <11 Mpc) is similarly cxcludcd. ‘1’lICSC  considerations  (and vclmity  ul]ccrt, aintics  arc

negligible by comparison) yield 55 < I1o < 105 km/scc/h4pc  wit]} WO/o COIIfi~lCI~CC.

l“onl]ally,  unclcr  tlIcsc two conditio]}s  110 lies ill tllc illtcrval  (50,100) witlll  lnorc than  99%

confidm)cc,  I)llt  it is IIot l)ad to find other scenarios to relax tliis constraint sif;nificalltljr.

Suppose:

(1) ‘J’l)c  car]y type g;a]axics i]] \lirF;o arc associated ~vit])  COII1])OI]CIJ[, 1] (tllc s]na]]cr OIIC)

of tllc lnodcl

(2) ‘J’l]c  illfall vcloc.ity  of the l,ocal (;rou]j is actually 20 10WCI  tl]all cstilnatcd  i]] $3, i.e.

t??.O lilll/SCC  (’1’alnlnanl] and Sandap;c  1 9S5)

I’;vcI1 these assumptions, l)owcvcr, require 110 > 53 liil]/scC/h4])~.. 1]1 h40(l[;l  S COIII])OIICIIt

11 is clam tl]an 24.5 h4pc wit]] 95% collfidc]]cc. ‘J’]lis  i]]ustrates  t]]at wc ]lavc a strollr; lower

ilnit 011 110.

It, i s  r)ot a  c.omplctc]y ~ll]c(]lli~’ocal~lc l i m i t ,  llowcvm. ‘J’o cxclllp]ify  Ll}is,  collsidcr onc

Ilrt,ll(!r  ])ossibility,  w])osc likcli]]oocl it is l~ard to quantify, ivl]icll IIligllt c.oncci val>ly  rclcasc

tltc IIul)l.)]c  ~ollstal)t  from tl]c ])rcscIIt \~irgo dustlcr col]straints.

(3) ‘J’l)c  velocity of coI13poIlcIIt  11 wit]) rm])cc.t to tllc c.mtroid of tl)c ]jocal (;rou])  is that

of h449, i.e. 847 k]n/scc.



‘1’his WOUI(l a l l o w  11~ : 44 loll/scc/M]K. \4~c cxdudc  tl)is ]mssi bility,  l)owcvcr,  as t h e

rcdsllift  d h449 dots not scclll to bc re levant  to \lirg;o clustcx  ca l ibra tors  of ally of tl]c

s{!co]]dary  dist, allcc indicators wc arc usillr; JIcrc.

‘1’]Ic prcsc]]t  discussion]] co]lt,rasts  stIoIIF;]y wit]) t]Iat of ]’icrc.c  CL al (19{14 ) W]]O c)btail] ]]~

87:1 7 l{m/s/Mpc.. ‘1’llc e r ro r  l)udgct ill tllc IIul)blc ~o]]sta])t dctcrmillation  tal~{llat,cd  hy

l“rcdman  d al (1994) C.olltaills  12 tmns of lvl]icll  tl]c doltlillant  ones arc ullc.crtaintics ill tllc

distance of tl)c I,MC, tl)c cxtinctiol]  of tlic (;c])hcids,  and t)l]c cxtc]idcxl  IIaturc of tllc Virgo

cluster. Each of these ul]ccrtaintics  is as larr;c as tl}c ullc.dainty  in 11~ q[lotcd  l)J’ l)icrcc ct

al. l’icrcc d al l)avc f;ivc}l  litt,lc col]si(lcl;~ti[)l)  to tllcsc II]attcrs, collcclltratillp;,  a]j])lo])l’i?lt)clJ~

cnoucll since they clctcctcd oIJly 3 @)llciCls  ill N(;(; 45”~1, on Ll]c ividt,h of tllc 1’1, rclatioll

as tl]c ])rilnary unccrhinty  ill t,llcir result. \lTc assd tl]at,, contrary  to tllc o])tinlistic  view

of l)icrccctl  al, tllc c.onfidcncc lil)lits that can l.)c ])utl OII 11~ at tl]is tilllc arc tllosc {Iisc.llsscd

l]mcill.

10. Sul”lll”nary

1]1 sllllll]lar~~,  tflle(listallcc  of h410(l  im])acls tli(’cxtlar;ala  cticcli stallccscalc  ill tivo lvays,

first,  in its olvn right as a calil~rator  of l’;l)h’l,  a n d  s e c o n d , I)y l)rovidillg  tllc distance of

tllc \~irF;o  Clustlcr  for Ll]c ‘1’1” rc]at,ioll,  tllc (I)T), 0) rclatio]l, tllc SNla standard ca]ldlc, a]]d

surface hrir;lltlllcss fluctuations. \~litl]] t],~:c,~~l,fi~l~]at,i{~,~  {~f t,]ic ]~])h4 Ca]ilJlat,iC)ll  ]Jrovidcd  l)Y

SN]{)~(J(;, ]~]~h4  ~,ic](]s  ] ]0  ,  ~J~ ~[ ] ]  ];ll]/S/h4])C . Ass~llllil)F;:l  \iilt;c) c]llstcr dist,a]lcc of ]~

:1 3 M])c, tl~cotfllcr  sccol]dary  distance indicators yicl~l  II(I = S O  + 1(; kln/scc/M]jc..  ‘J’llc

ullc.crtainty ill tllc first case is domi]latcd  l~y tllc oljscrvatiollal data l)crtjaininr;  to SNT1979C; .

in tl)csccond  c.asc tl]c I]llccrtailltyis  doll)illatcd I)y tllc.dcl)tl] of tllc\~irgo  c.lllstcr.



III coIIIl)iI~AioII  tJ)esc results strcl)gtllcll tllc c.oIJclusioII  d I“rccdlnan  ct al (1 994) tha t

1 10  z 80 :! 1 7  lml/scc/hflpc. ‘J’IIc 95% collfidc]lcclill~itsol]  110 arc tllcilltcrval  (50, 100)

k]l]/s/h4pc.

‘J’IIc kc-y l)rcjjcct a i m s  LO sccurc  the  clistallccs of two IIIOrC Virgo g;alaxics,  wl]ic]] ~vil]

IIlarkcdly rcducc  t]lc u n c e r t a i n t y  as to t,hc II]call c]ustcr  distal  lcc. A  total  of 20 galaxy

distances is I.)cil)g  soug;]]t in t,hc kcy projcc~  to scc.urc tl)c calibration]] of secondary distal  Icc

ilidicators  ill g;cIIcral,  and thus to rcducc  tllc ullccriaillty  ill tllc Iluhblc  Collstallt  to 10510.

A<: A-120uJlc{lgc:172c  11ts. ‘J’]Ic kcy Obscnmtiolls  disc. usscd ]lcrcil] were ll]adc \\7itlI tl}c  IIuhblc

S]~acc  ‘J’c:lcsco]jc,  wllicl] is mana?;cd  for NASA by tllc Spat<! ‘J’clcscope  Scicncc II]stitutc.  I!Tc

tllal)k S’1’Sc.l dircdm, llol~ Williams, for cllcouragill!;  11s to ol.>scrvc  N4100 early ill tllc life of

(IIc Kcy l)r{)jcct to dctcrminc the cxt,ragalactic  distal)cc scale. \Vc tl]an]{  tllc W1’’I’C2 Lcal]l

for furllishinr; a]] instmmcnt  wllicll is up to t,hc job. \VC adi)}o\~’lcd~;c  NASA ?;rant 2227’ froln

S’J%l.
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‘J,’able 1: <;dil~raiion  of t,l)c Ill. ‘J’11’ l{c!latio]]

Galaxy ~W20(Q) 11:~.5

lq4]7~ ‘2cJ~ -20.8s
N41W? 476 .:23<~5
N420(i 318 -20.68
N4294 252 -20.’25
N4380 329 -21.25
13322A 296 -20.2s
N4450 3s9 -22.97
N4498 ~p~ -20.’26
N4501 597 -23.8s
N4519 304 -20.28
N4532 ’271 -20.[iS
N4W 423 -’22.57
N4(i31 461 .p~.37
N4654 3s?<

.~?,.~~
N4698 4(i0 -22.63
N4’75S 21 I .]<).go
h433 205 .~(j.]~
h431 540 .:)3.49
N300 235 -19.50
N~403 265 .2] .O[,
h481 450 -23.42
N[)204 155 - 19.:?3
NWW 211 -19.3s
11[)1 V 106 -1’/.04

9,. Otll ’cc. s : Aaml]sol~  d d 1982,  Aarol]sol),  h40uld,  &. IIucl}ra 19S0,
l“rcc!dlllall 1990.



A])pcJIdix

l’;vidcllce for Sul)stl’uctul’e  ill tllc \~irf;o  Clust(!l’  is (Iiscusscd Ly IIillgdli  Ct al (19s7), 1 I Uchl”a

(1988), l)icrcc and ‘1’ully (19S8 - 1“1’) a,,d ‘1’onry d al (1990). ‘1’0 qua]itify our d iscuss ion])

of lJIc uncertainties arisi]]~;  from Lllis suktructurc  WC have f;cl Icratcd a IIulllbcr  of idcalixd

moclc]s of tllc Virg;o c]ustcr  witl~ tlIc fol]owi]lg genera] ])ro])crtics.

(1) ‘J’lIe cluster  is located at a ,ncan  distal)cc d from tl,c observer.

(2) Galaxy distancm  arc nor]nal]y distributed fro,l] tl)c clust,cr cc,)tcr  wit]] variance rz.

(3) ltrrors i*] distm]cc modulus  of 0.3 ,ndg ariscfro]n  uscof tl,c ‘J’ully-lJisl,cr  (’J’]’) rclatio,).

Wit,]] tl)is ])rcscri])tio]) it is possible to explore tllc paralnckr  s])acc of Inodc]s  wl)ic])  fit

tllc distribution of \~irgo  galaxy distances i]ifcrrcd l.)y 1“1’. ll]s])cctic)n of l“igurc “[ sl]o~vs  Ll)at

witl)ill tl)c s]ndl nu]l]l)cr statistics of tl)c 1“1’ data h40dcl  1 wit]] a large value of r (3.5 h4])c)

is a satisfactory fit. SJnallcr a])d lart,cr va]ucs  of Y arc Ilot F,ood fits.

‘J’wo colnpollm)t,  ]Ilodcls arc ]])otivatcd  I.)ot]l  l.)]) tllc a])])carallcc o f  (lJC distril)(ltio)]  o f

tl]c I) ’J’ data in l“igurc  7 al]d by cxa]nination  of tl)c J]]ucI1  largm ‘j’]<’ dataljasc  of I“OUCIUC  C(

al (1 992).  i n  I“ouquc)s  data t,l]c mc.a]l ‘J’1” disfal~c.c  of spirals  ~vitl~ill  2° of M49 is 0.67 :}

0.’20 mag larger tl)an tl)at  of spirals witllill  2° o f  h4S”l. hfS7 aJ]d N449 arc tllc t~t’o l)rigl]t(:st

clli]~tic.als  in \lirgo. ‘J’llc sin)plcst t~vo c.o]n]~onc]]t, ]nodcl to ]~rovidc a satisfactory fit to tl~c

data ill l“igurc  7 is h40dd .4.

Wc IIow cx])crill)cl]t  by illcrcasil]p; d a]]d calculati]lg  Lllc ])ml)al)ilit~’ Ll)at, of tlvo galaxi(’s

drawn froln tl)c d is t r ibut ion ,  Ollc ~vil]  bc c,loscr tl)all 14.9 :1 1 .:? M ])c aII(l tl)c otllcr  closer

than  17.1 :{ 1.8 h4]Jc. 111 h40dcl  5 (a onc c,on]])onc]]t n]odd) lvc scc tl)at),  if d is illc.rcascd to

19 h4])c, tllc ]JrolJal~ility  tl]at  tllcsc c.onstraillts  I\’ill  bc satisfied is ap])roxilnatc]y  14%. IYc

call col)fidcntly ru le  ollt h40dcl  (i \vitll d = 22 N’l])c.

h40dds  7 and 8 quantify (I)c upper lil~]its OJ1 t~vo coIn])oIleIIt  ]nodcls. \Jlc CaII co)] fidcntly

Iu]c out, h40dcl 8 wit]) its lncan distm)cc d I 20.5 h4pc.
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k’iguw Ca])tions

l“igurc  1. ‘1’llc location of Ml 00 ill a co])c diat;ram of tltc Virgo cluster. Galaxies fro]])
cz = O to 3000 km/see arc S11OWI1.

]Jigurc  ‘2. ‘J’hc position of M 100 in tl)c x-ray Virgo cluster. ‘J’hc I{,OSA’J’  IrIa]) is fro]n
IIoliringcr CL al (1 994)

h’igurc 3. Galaxies in Z~A’J’ (Ilucl)ra. 1994) in tl]c il)dicatd  iutcrval of lti~;llt Ascn]sion,
l)cclination  wit]] rcds]lift  ill the intcrva] (- 1000, 2500) lilll/SCC.

l“i~urc 4. ‘J’l)c three  c.alibratio]l  cl]cc.ks ou tllc lr,xpa]]dill~;  l’l]otos])lmrcs  h4cL110d  fuoln
~CJ)llClcl  distances. ‘J’l]c datapoillts  arc tl]c l,M~  (SN1987A) M I O 1  (SN1970G) a]ld h4100
(SN1979C).  ‘J’lm clashed lines cnclosc 90% coI]fidcIJcc  limits o)] tl]c: ratio of l;l)ht  to @)hcid
distal lccs.

lri~;ulc 5. ~alibrators  of tl)c l~)frad “J’ully Fisher licldio]l. Solid symho]s: l“rccdn]a]]
(1 990), Opc]l symbols: V i r g o  gala.xics  from AaroI]so]I ct al 1982,  crossm: Incml)crs  of tllc
h~l 01 group. ‘J’hc dashed lillc is the calibration of l<’rcdlnaj)  (I 990).

l“igurc G. J kviat ions from a uniforln  11 uI)I)Ic flolv. Solid circ]cs: clustcm of galaxies
wit]) ‘J’ully-l’’isllcr  disl,auccs. ,Solid  I,riallglcs: ltl)h4 data of Sclll)lidt  ct al ( 1 9 9 4 ) .  ()])cII
Sylnbo]s:  brigl]tcst  c]ustcr  mclnl)crs  froln l,aucr  & l’ostman  (1 994). ‘J’llcrc is no cvidc]icc
tl)at a difrcrcnt value of t,l]c IIubblc  (2011stal)t  ]mlailis inside a]ld outside tl]c dis(jallc.c  of tl]c
blna duster at v~;j~  ); = 72,00 kn~/scc..

Pigurc  7. (for Appendix) hflontc  car]o rca]ixations of h40dcl 1 (solid) COIIIIMIW1  with
tl]c scaled distribution] of distances tabulatd  I)y I)icrcc &7. ‘1’ully (1 988) (doi-dasl)d curve).

l)owcr grapl]:  ]nodc] 4.
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